Objectives/Hypothesis: We aimed to investigate whether the type of dysphagia examination (fiberoptic endoscopic evaluation of swallowing [FEES] or videofluoroscopy) influences the scoring of penetration and aspiration.
INTRODUCTION
Fiberoptic endoscopic evaluation of swallowing (FEES) and videofluoroscopy are complementary examinations used routinely to diagnose oropharyngeal swallowing disorders and guide dysphagia management. Both examinations are well established as clinical tools, but their respective strengths, limitations and health outcomes continue to be debated in the literature. [1] [2] [3] [4] Clinical judgment of penetration or aspiration and the patient's response to it are the most important factors in estimating the severity of oropharyngeal dysphagia and the risk of related complications such as aspiration pneumonia. Clinicians base their recommendations for modified oral intake or non-oral feeding on the results of FEES and videofluoroscopy examinations, and the evidence linking clinical diagnosis of aspiration to increased pneumonia risk supports this clinical practice. 5, 6 The perception of aspiration risk from clinical dysphagia assessments is a key factor underpinning oral intake recommendations. These decisions have potential implications for health outcomes and increased care costs related to tube feeding and delayed discharge.
Several studies have compared FEES and videofluoroscopy for detecting penetration and aspiration, [7] [8] [9] [10] [11] but only one conducted the examinations simultaneously to enable comparison of the same swallows. 10 All raters scored penetration and aspiration as present or absent rather than differentiating between degrees of entry of food or fluid into the airway. Despite the subjective nature of FEES and videofluoroscopy, only one of the five studies provided interrater reliability information 10 and these data were limited. Therefore it remains unknown whether clinicians are influenced by the use of FEES or videofluoroscopy in diagnosing clinically relevant penetration and aspiration. In a previous study, we conducted simultaneous FEES and videofluoroscopy examinations and found that pharyngeal residue was perceived to be significantly greater when viewed from FEES recordings than from videofluoroscopy recordings. 12 The aim of this study was to determine whether the type of examination similarly influences the perception of penetration and aspiration.
MATERIALS AND METHODS
The methods used in this study have been described in detail previously. 12 The analysis was replicated precisely in this study with the exception of the outcome measure. The methods are briefly described here.
Ethics
The Royal Free Hampstead NHS Trust Local Ethics Committee approved this study. Participants were given an information sheet at least 24 hours prior to giving informed, written consent.
Participants
Participants were recruited from referrals to speech and language therapy for the assessment of dysphagia. Those nil by mouth or judged to be at high risk of aspiration of all oral intake were excluded. The 15 participants were the same study group used in our previous study comparing FEES and videofluoroscopy. Their details are outlined in Table I .
FEES and Videofluoroscopy Examinations
All participants underwent one FEES and one videofluoroscopy examination, which were performed and recorded simultaneously. Two dysphagia specialist speech-language pathologists, a consultant radiologist and a radiographer performed the examinations. The participants swallowed two test boluses; 5 mL liquid (2.5 mL barium (Baritop 100, Sakai Chemical Industry Ltd, Osaka, Japan) and 2.5 mL water), from a cup and 15 mL yogurt (5 mL barium (Baritop 100) and 10 mL smooth yogurt), from a standard dessert spoon. Both test boluses were dyed with 1 mL of blue food dye to enable clear visualization of the bolus. Participants also swallowed an undyed 5 mL water bolus immediately after swallowing the liquid test bolus. The water bolus was given to rinse the pharynx and was not recorded. The yogurt bolus was swallowed immediately after the water bolus. All participants swallowed the three boluses in the same sequence (liquid test bolus, water, and yogurt test bolus).
Screening Fields and Recording Instrumentation
The endoscopic images of the oropharynx, hypopharynx and larynx were recorded on the Digital Swallowing Workstation (Kay Pentax Ltd, Montvale, NJ). The lateral videofluoroscopy screening field was bordered by lips, hard palate, cervical spine and cervical esophagus and the images were recorded on Super-VHS video (SVO-9620, Sony, Weybridge, U.K.). The endoscopic and fluoroscopic recordings were made simultaneously.
Recorded Video Clips
The 30 recordings (15 FEES and 15 videofluoroscopy) were converted into MPEG video segments and recorded onto two computer disks. The clips were labeled 1 to 30 and recorded in random sequence onto CD#1. The clips were then re-randomized and labeled 1 to 30 onto CD#2. Each video clip consisted of three segments: 1) the liquid swallow, 2) the word "yogurt" to alert the rater to the next bolus, 3) the yogurt swallow.
Ratings
Speech-language pathologists with experience in performing and interpreting FEES and videofluoroscopy were invited to rate the examinations. Twenty speech-language pathologists were approached and seventeen volunteered. All raters completed a questionnaire of videofluoroscopy and FEES experience and training.
The raters were instructed to score the clips using the Penetration-Aspiration Scale, 13 viewing the clips no more than twice (see Appendix A). The Penetration-Aspiration Scale is an 8-point clinical scale for rating penetration and aspiration. The severity of the rating depends on the perceived depth of entry of food or fluid material into the airway and clearance of material from the airway. The scale has been evaluated for use with videofluoroscopy and FEES. 13, 14 The raters were asked to rate the clips on CD1 first, then rate the clips on CD2 one week later without referring to their previous ratings. The raters were blinded to the participant details and to the pairing of the FEES and videofluoroscopy recordings. The ratings of two of the raters were excluded. One rater inadventently swapped the disks, and the other's scores were illegible.
Assessment of Interrater and Intrarater Reliability
Intra-and interrater reliability were calculated separately for FEES and for videofluoroscopy using weighted Kappa on the original ratings. Kappa is a conservative measure (i.e., it tends to under-estimate agreement compared to other measures), and ranges from 0 (chance agreement) to 1 (complete agreement). 
Assessment of Factors Affecting the Residue Rating
Five-way analysis of variance (ANOVA) was used to assess systematic differences in the ratings due to five factors: 1) examination (FEES or videofluoroscopy); 2) bolus type (liquid or yogurt); 3) rating (first or second); 4) rater (1-15); and 5) patient (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Data were analyzed using SPSS for Windows (V12.0, SPSS Inc, Chicago, IL).
RESULTS

Scores
Fifteen raters twice scored penetration-aspiration from 30 recordings, yielding a total of 1,800 scores.
There was a wide range of Penetration-Aspiration Scale ratings from 1 to 8 although there were few ratings of 4 or 6 for both FEES and videofluoroscopy (see Fig. 1 ). This pattern is consistent with previous clinical Penetration-Aspiration Scale studies, including Rosenbek's description of the scale development and validation where there were few scores of 4 or 6. 13
Raters
Fourteen raters returned the experience questionnaire. Eleven had attended a videofluoroscopy course and 12 had attended a FEES course. Clinical experience in FEES and videofluoroscopy was measured in examination-years, where one examination-year represents one examination performed and interpreted per week for one year (approximately 50 examinations). The mean (SD) experience was 6.0 (4.5) examination-years for videofluoroscopy; for FEES it was slightly lower at 4.9 (4.3) examination-years.
Assessment of Reliability
As would be expected, within-rater agreement was better than agreement between different raters, but both were subjectively good. 15 Interrater reliability was 0.64 for FEES and 0.67 for videofluoroscopy. Intrarater reliability was 0.73 for FEES and 0.79 for videofluoroscopy.
Effect of Examination Type on Penetration-Aspiration Scale Scores
FEES scores were consistently higher than videofluoroscopy scores for both the liquid and yogurt boluses (see Fig. 2 ). That is, experienced clinicians perceived greater penetration and aspiration from FEES than from videofluoroscopy images of the same swallow.
Using ANOVA, this effect was assessed across all 15 raters and 30 boluses. The mean Penetration Aspiration Scale score from FEES recordings was more than 1 point higher than the mean score from videofluoroscopy recordings, statistically a highly significant effect (ANOVA, F ϭ 296, P Ͻ .001; 95% CI for the difference, 1.01-1.27).
Effect of Other Factors on Penetration-Aspiration Scale Scores
Four of the five factors had statistically significant effects on score differences. The type of examination (FEES or videofluoroscopy) and differences between participants had the most significant impact on the scores (see Table II and Fig. 3 ). The high impact of participant differences on scores was unsurprising as the participants had a wide range of medical diagnoses, treatment histories, severity of dysphagia, and ages. 
Choice of Statistical Methods
An ANOVA model assumes data are normally distributed. When this is not the case, the statistical power of the test is reduced, and it becomes less likely to detect effects that are actually present. In our study, the principal effect we were interested in (i.e., the difference between examination types) was demonstrated at an extremely high level of significance (P Ͻ 10 Ϫ41 ). Nevertheless we also applied logistic regression, a more limited test suitable for non-normal data. The results were very similar to those from ANOVA; examination type was the most important effect, while bolus type had a weak effect on penetration aspiration scores and repeat assessment had no significant effect.
DISCUSSION
Key Findings of the Study
Our data clearly show that a rater's judgment of the severity of penetration or aspiration is affected by the type of examination image. The 15 raters consistently awarded higher (more severe) Penetration Aspiration Scale scores from FEES images than from videofluoroscopy images of the same swallows. This finding echoes those of our previous study showing that pharyngeal residue is perceived to be greater (more severe) from FEES than from videofluoroscopy. 12 In contrast to previous reports, it is clear that FEES and videofluoroscopy are not interchangeable for use in rating some parameters of disordered swallowing. Such use of these examinations in clinical practice may misrepresent a patient's swallowing function as improving or worsening, when any changes may be entirely attributable to a different examination method.
Whether the differences between FEES and videofluoroscopy have a clinically significant impact on predicting the likelihood of aspiration pneumonia requires further investigation.
Rating Scale
The Penetration-Aspiration Scale is a sensitive tool for rating precise degrees of entry of material into the airway, the sensorimotor response, and the effectiveness of any spontaneous attempts to clear material from the airway. The scale is an important clinical tool and has provided some much needed standardization of FEES and videofluoroscopy scoring. The challenge of achieving consistent and therefore reliable scoring of dysphagia parameters from videofluoroscopy is well recognized. 16 FEES may be reliable for assessing penetration and aspiration using the Penetration-Aspiration Scale, 14 but whether it is a reliable technique for the assessment of a wider range of swallowing and dysphagia parameters remains unknown. Given the subjective and variable methods of conducting and interpreting FEES and videofluoroscopy, neither examination provides the "right answer" and so can not be considered the gold standard for swallowing examination.
Strengths of the Study
Number of Raters
Fifteen independent raters from 12 centers across the United Kingdom rated the examinations. Previous studies comparing FEES and videofluoroscopy have used few or an unspecified number of raters. 3, [7] [8] [9] [10] [11] Using a large number of raters reduces the effects of random scoring errors or bias in individual raters.
Validated Rating Scale for Both Types of Exams
This is the first study to rate the severity of penetration and aspiration from simultaneous FEES and videofluoroscopy using a scale validated for both examinations. 13, 14 Previous studies comparing FEES and videofluoroscopy have scored penetration and aspiration as present or absent which limits the clinical relevance of their findings.
Limitations
Number of Swallows Rated
Each rater scored 120 swallows across two sessions, with each rating session taking approximately 90 minutes Fig. 3 . Effects of different factors on Penetration Aspiration Scale scores. Effects are statistically significant at *P Ͻ .05 and **P Ͻ .001. For rater and subject, the typical effect size is estimated by variance components analysis. For rater and subject, the overall range of scores is shown. P value is from ANOVA, and indicates the probability that the effect is a result of chance alone.
FEES ϭ fiberoptic endoscopic evaluation of swallowing; VF ϭ videofluoroscopy; Pen/Asp ϭ Penetration Aspiration.
to complete. In a prestudy pilot, this was the maximum time the raters felt able to rate swallows without losing concentration. Increasing the number of swallows would have resulted in rater drop out.
Number and Range of Boluses
Increasing the number of boluses and the range of food and fluid consistencies would have provided additional useful information. For the purposes of this study, all participants were required to swallow identical boluses to ensure that raters could not identify the paired recordings. We recruited participants with dysphagia ranging from mild to severe to ensure a wide range of ratings across the Penetration Aspiration Scale. Increasing the number of boluses and range of consistencies would have placed the participants with severe dysphagia at unacceptable risk of severe aspiration.
CONCLUSION
Penetration and aspiration are perceived to be more severe from FEES than from videofluoroscopy. This has serious implications for the interchangeable use of these examinations in clinical practice. Further research looking at the impact of penetration-aspiration scoring on clinical recommendations and health outcomes is required.
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